Korea-To determine the associations between urinary catecholamines and cortisol and subjective complaints of fatigue in shiftworkers, we conducted a field survey of 113 male shiftworkers at a manufacturing company in South Korea from late October to late November in 1999. The shiftwork system in the company was the backward rapidly rotating 4-crew 3-shift, with the morning shift starting at 7:30 AM. Using a self-report q u e s t i o n n a i r e , w e a s s a y e d d e m o g r a p h i c characteristics, past medical history and working hours, as well as subjective complaints of fatigue in 3 categories of questionnaire. We found that, among workers with less than 5 yr of shiftwork experience, the concentrations of norepinephrine, epinephrine (Epi), and dopamine during the afternoon shift were positively correlated with Set II (difficulties in concentration) and Set III (projection of disintegration) of subjective fatigue symptoms. In addition, Epi concentrations were positively correlated with Set I (drowsiness and dullness), II, and III of subjective fatigue symptoms during the night shift. However, among workers with 5 or more years of shiftwork experience, there was no significant positive correlation between urinary catecholamine and subjective fatigue symptoms. In the long term shiftwork experience group, only the complaints scores of Set II fatigue symptoms (difficulties in concentration) during the morning shift were significantly higher than those of the short-term shiftwork experience group within the same shift. (J Occup Health 2006; 48: 446-450) 
Shiftwork systems disrupt circadian rhythms, leading to physical discomfort. It is a major reason for increased accidents among workers due to lowered alertness, as well as psychological anxiety and difficulties in social relationships. For example, Tucker showed that shiftwork affects the state of alertness of employees 1) . Touitou and Costa found that shiftworkers experienced fatigue, sleep problems, anxiety and gastrointestinal problems 2, 3) , and Ha demonstrated that shiftwork had adverse cardiovascular effects 4) . Several studies have been conducted on shiftwork and hormone imbalance. For example, Motohashi reported that shiftwork causes disturbances in hormone secretion, leading to disturbances in sleep cycles and physiological variables such as oral temperature and grasping power 5) , and Fujiwara found that shiftwork altered mean heart rate over 4 h and urinary norepinephrine (NE) concentration 6) . Sluite found that long periods of driving (3 d) enhanced the urinary excretion of epinephrine (Epi), NE, and cortisol 7) . In a study of 32 truck drivers, Van der Beek measured Epi and NE in urine samples collected over one working day and one resting day, and found that high physical workload and lack of recovery time led to enhanced excretion of NE 8) . Together, these findings indicate that shiftwork is a stressor that affects physical, psychological and social health. If the subjective fatigue symptoms are positively correlated with excretion of urinary stress hormones positively, we may use fatigue symptom questionnaires as a convenient screening tool for finding early detrimental health effects in shiftworkers.
Thus, the purpose of this study was (1) to determine the associations between urinary stress hormones and subjective complaints of fatigue in shiftworkers and (2) in the event of an association, to clarify whether there are the differences in the associations between urinary stress hormones and subjective complaints of fatigue according to the length of shiftwork.
Subjects and Methods
The subject of this study were employees of a manufacturer of disposable diapers and sanitary items located in Chonan, Chungnam, South Korea. About 70% of the employees at this factory worked on a 4-crew, 3-shift system, which consists of 3 working days, followed by one resting day, and then a switch to another shift. The direction of shift rotation was counter-clockwise, i.e., workers worked the night shift (23:30-07:30), then the afternoon shift (15:30-23:30) and then the morning shift (07:30-15:30). All of the workers surveyed were males.
The initial number of subjects was 134, but we excluded subjects with diseases such as diabetes, hyperthyroidism, hypothyroidism, hypertension, kidney disease, and hyperlipidemia, all of which could affect hormone excretion. Thus, the number of subjects analyzed was 113. Our research covered 326 shifts, and we failed to gather samples from 13 night shifts.
Meetings were held with the workers of each crew to give presentations about purpose and method of the study, and to encourage them to participate. The volunteers were asked to sign an informed consent statement that was included in the study questionnaire.
Demographic questionnaire
On the first meeting day, all subjects filled out questionnaires dealing with demographic characteristics, including age, marital status, occupational history before employment by the present company, medical history, drinking characteristics and the major liquor consumed.
Subjective fatigue questionnaire
The questionnaire for assessing subjective fatigue symptoms was developed by the Japan Society for Occupational Health 9) . This questionnaire consists of 30 questions addressing 3 sets of symptoms. There are 10 questions in Set I concern drowsiness and dullness. Ten questions in Set II concern difficulties in concentration, and 10 questions in Set III concerning projection of disintegration.
The questionnaires were completed during working hours on the 2nd or 3rd day of each shift.
Stress hormones in urine
Urine samples were collected over a period of 2 working hours to measure stress hormones including NE, Epi, dopamine (DA), and creatinine. That is, each subject had an individual appointment to visit the laboratory. Each was asked to urinate 2 h prior to the appointment, and not to urinate again until visiting the laboratory, when the accumulated urine was collected. The concentrations of NE, Epi, DA, and creatinine were measured by HPLC with an ECD detector. The concentrations of NE, Epi, and DA were adjusted relative to the concentration of creatinine.
In addition, a urine stick test was performed to measure the excretion of occult blood, urinary proteins, and urinary sugars, and in this manner patients with kidney problems were identified and excluded from the analysis.
Data analysis
The mean shiftwork period was 1,856 d (range 163 to 3,484 d), or about 5.2 yr for the 113 workers. Since 5 yr of shiftwork has been found to be the time at which an individual experiences chronic maladaptation syndrome due to shift-work 10) , we divided the subjects into two groups: one group (53.1%) with less than 5 yr of shiftwork experience (short-term) and the second (46.9%) with 5 or more years of shiftwork experience (long-term).
We conducted descriptive analysis to show the difference of the general characteristics of the study subjects and to get medians and ranges of subjective fatigue symptoms, and means and standard deviations of the adjusted hormone levels with creatinine. We also conducted the Mann-Whitney U test to confirm differences in subjective fatigue symptoms, and Student's t test to evaluate the differences in hormone levels according to the length of shiftwork experience. Besides, we calculated correlation coefficients between urinary hormone levels adjusted by creatinine and subjective fatigue according to the length of shiftwork experience.
Results
The differences of the general characteristics of the subjects according to the length of shiftwork experience are presented in Table 1 . Married men comprised 56.7% of workers with short-term experience and 52.8% of longterm workers. However, there was no significant difference statistically. In the short-term workers, 83.3% were below 30 yr old and 13.3% were 30-39 yr old. In the long-term workers, 64.2% were below 30 yr old and 20.8% were 30-39 yr old with no significant difference between the two groups. Also, there were no significant differences of marital status, smoking, and drinking habit between short-term workers and long-term workers.
We found that, among workers with less than 5 yr of shiftwork experience, the concentrations of NE, Epi, and DA during the afternoon shift were positively correlated with Set II (difficulties in concentration) and Set III (projection of disintegration) of subjective fatigue symptoms. In addition, Epi concentrations positively correlated with Set I (drowsiness and dullness), II, and III of subjective fatigue symptoms during night shift. However, among workers with 5 or more years of shiftwork experience, there were no significant positive correlations between urinary catecholamine and subjective fatigue symptoms ( Table 2 ).
The differences in subjective fatigue and excretion of urinary hormones between those with less than 5 yr and those with 5 or more years experience of shiftwork within the same shift were as follows. In the long term shiftwork experience group, only the complaints scores of Set II fatigue symptoms (difficulties in concentration) during the morning shift were significantly higher than those of the short-term shiftwork experience group (Table 3) .
Discussion
Most shiftworkers have difficulties in maintaining regular lifestyles. There are alterations in the rhythm of their lives, leading to deleterious effects on their physical, mental, and social functioning. Shiftwork causes an imbalance in circadian rhythms by shifting the time period of work, which adversely affects the physical and mental health of workers. These effects vary from relatively subjective and reversible symptoms, such as declines in short-term memory, increases in fatigue and sleep problems and poor appetite, to major problems including increased mortality rates and deleterious effects on workers' digestive and cardiovascular systems. The 3-shift, counterclockwise rotation type of shiftwork system has also been found to increase the rates of nervousness and other psychological problems. All of these health problems reduce the total health level of workers, and increase accident rates and absences due to sickness. In a study of the physical and mental burdens of work on middle-aged workers, Sudo measured the excretion of catecholamine and cortisol, as well as analyzing the results of a self-administered fatigue questionnaire and stress reports 11) . Sudo found that middle-aged workers had higher NE excretion than younger workers, even on resting days, and that NE excretion during work was more obvious in middle-aged than in younger workers. While these results indicate that middle-aged workers feel more fatigued at work than younger workers, the latter had higher self-reported fatigue & stress levels, thus showing a disagreement between subjective and objective data.
Our study compared groups of workers with less than 5 and 5 or more years of shiftwork experience. We observed that the excretion of catecholamine by long-term shiftworkers was higher than that by short-term shiftworkers, and that long-term shiftworkers had a higher level of complaints in all three sets of fatigue symptoms. Our finding of agreement between objective and subjective data are thus in contrast to the findings of Sudo. Our results, however, are in agreement with those of Smith and Mason, who showed a correlation between age and subjective fatigue 12) . When we compared subjective fatigue symptoms and excretion of catecholamines (Table 2) , we found that workers with less than 5 yr of shiftwork experience showed a number of positive correlations between subjective fatigue symptoms and catecholamine excretion, whereas more experienced workers showed no positive correlations. This suggests that the less experienced workers may have had difficulty in adjusting to the shiftwork system, leading to increased reports of subjective fatigue symptoms, whereas the more experienced workers may have been inured to the shiftwork system and made fewer reports of fatigue. However, this is negated by the finding that more experienced workers reported higher levels of subjective fatigue and enhanced hormone excretion. A possible explanation for these findings is that there may be little correlation between subjective fatigue and the time of the hormone excretion. That is, the less experienced workers reported subjective fatigue at a time in accordance with the hormone excretion, but this synchronocityn was not seen in the more experienced workers. For example, Set I of the subjective fatigue symptoms by less experienced workers was highest during the morning shift, intermediate during the afternoon shift, and lowest during the night shift, which correlated with the excretion of Epi. In contrast, the Set I complaints by more experienced workers were highest during the morning shift, intermediate during the night shift, and lowest during the afternoon shift, whereas Epi excretion was higher during the morning shift and during the afternoon shift and lower during night shifts, thus showing no significant correlation. More experienced workers may have become physiologically adapted to the stress of shiftwork, no longer recognizing it as stressful, even though they reported higher levels of subjective fatigue than less experienced workers.
Besides, there were several other discrepancies in the levels of subjective complaints and hormone excretion by shift. These discrepancies between subjective and objective indices, however, are very difficult to interpret. Thus, further studies on shift workers with 10 or more years of experience or shiftworkers in other occupations are required.
